However, the lack of medical data prevented further inference on the observed ethnic differences.
The objective of the present investigation is to examine the type and extent of racial variation with respect to diabetes between the Japanese and Caucasian groups living in the single macro-environment of Honolulu. Of the many racial groups in Hawaii, the Japanese and Caucasians are present in sufficiently large numbers for enough diabetics to be studied within each group.
Data have been made available by the Pacific Health Research Institute, Honolulu. These are the results of a multiphasic health screening program performed at Straub Clinic on diabetic and non-diabetic individuals of both races between 1969-71. The samples present a unique opportunity to make interracial comparisons since their socio-economic standing is roughly comparable as 28 measured by ethnic distribution in major occupations (Lind, 1967) . The availability of comprehensive laboratory test results and detailed health profiles on each subject allow a detailed comparison of diabetes disease patterns between the two groups.
Materials and methods
Subjects. A series of diagnosed diabetic cases and healthy controls were assembled separately in Japanese and Caucasian groups from the medical records of 3956 Caucasians and 2508 Japanese individuals who underwent multiphasic screening at Straub Clinic in Honolulu. From the Japanese group, the multiphasic screening records of 109 diagnosed diabetics and 173 healthy controls were obtained. From the Caucasian group records of 69 diagnosed diabetics and 326 healthy controls were selected.
Cases were defined as those who were diagnosed as maturity-onset diabetics on the basis of a confirmed history of the disease or after examination by a physician upon a laboratory finding of a 50-g load one-hour blood glucose level in excess of 300 mg%. Controls were defined as those who were found healthy upon physical examination, and whose laboratory findings were normal.
For all subjects, a medical profile was assembled which included: a complete personal medical history, a family history of major common diseases, anthropometric data, and laboratory findings.
Factors considered. The variables considered in this analysis are listed in Table I . The justification for the selection of the variables was the potential relevance of the available information in the records of individuals screened towards elucidating factors associated with the development of diabetes mellitus. The variables listed are divisible into seven categories: (1) personal medical history (X1-X,), (2) family history of diabetes (X4-X7), (3) sex (X8), (4) age and age squared (Xg-Xl0), (5) anthropometric or physical measurements (X11-Xi5), (6) urine test results (X16-X18), and (7) blood test results
The details of the techniques used in the laboratory tests are as follows. Urine sugar levels were measured by the glucose oxidase paper strip method (Free et al, 1957a ) with a range of + 1 to + 4 for positive values. Urine albumin levels were measured by a colorimetric test of protein error of a pH indicator (Free, Rupe, and Metzler, 1957b ) with a positive range of + 1 to + 4. The serum parameters, analysed by the SMA 12/60, were: calcium, inorganic phosphate, glucose, blood urea nitrogen, uric acid, cholesterol, total protein, albumin, total bilirubin, alkaline phosphatase, lactate dehydrogenase (LDH), and serum glutamic-oxalacetic transaminase (SGOT). The calcium determination, measured in mg%, was obtained by the Gitelman modification (1967) of the Kessler and Wolfman procedure (1964) . The inorganic phosphate test was a modification of the standard N method (Hurst, 1964; Kraml, 1966) . The serum glucose levels, one hour after a 50 g-glucose load, were determined by the cupric-neocuprine method following Marsh, Fingerhut, and Miller (1965) . The cholesterol test was based on Musser and Ortigoza's automation (1966) of the original method of SobrinhoSimoes (1965) . Total protein determination in mg% was based on the Ness modification (Ness, Dickerson, and Pastewka, 1965) ofthe original Rutstein method (Rutstein, Ingenito, and Reynolds, 1954) . The N method was used for total bilirubin determination and the alkaline phosphatase measurement in mU/ml, following the Morgenstem modification (Morgenstem et al, 1965 ) ofthe Bessey procedure (Bessey, Lowry, and Brock, 1946) . Lactate dehydrogenase activity levels were measured after the procedure of Hochella and Weinhouse (1965) . Serum glutamic-oxalacetic dehydrogenase levels, measured in mU/ml were determined by the procedure of Morgenstem et al (1966) . Methods of analysis. The primary method employed in the analysis of the data was a discriminant function approach after Fisher (1938) , applied to diabetic and control groups within races. The discriminant function analysis leads to selection of a parsimonious set of significant variables which differentiates diabetics from healthy controls within each race. After obtaining a discriminant function for each race, the heterogeneity of the coefficients of the functions was tested, taking a common set of variables. The discriminant function was computed according to the multiple regression method outlined by Armitage (1971) (Mi and Wong, in preparation).
After selecting a set of variables common to the Caucasian and Japanese groups, the coefficients ofthe discriminant functions were tested for heterogeneity by the method of Rao (1952) as applied by Chung et al (1969) to determine whether the discriminant functions constructed from the two groups were identical and equally applicable to either race. This would indicate whether factors associated with diabetes have homogeneous relationships with diabetes risk in Japanese and in Caucasians.
Results
Frequencies of discrete variables under study and differences between diabetic and control groups by race are presented in Table II. Table III gives mean values, standard errors, and the differences between the means of continuous variables for diabetic and control groups by race. The results of the discriminant analysis between diabetics and healthy controls within each race and for races pooled are presented in Table IV , in which the coefficients of the discriminant function (partial regression coefficients) with their standard errors are shown. The column labelled 'stepwise' in Table IV represents those variables which were found to be significant in the stepwise regression analysis after fitting sex, age, and age squared, with Y = 1 assigned to the diabetic group, and Y = 0 to the healthy control group. The coefficients of the final discriminant function model are shown in the next column labelled 'common'.
In the discriminant analysis between diabetics and healthy controls in Japanese and in Caucasians, a considerable degree of similarity is found in the stepwise analysis. History of high blood pressure, diabetic sib, systolic pressure, urine sugar, and blood glucose above 190 mg/100 ml were selected after fitting the effects of age, sex, and age squared in both races. In Caucasians only, an additional variable, SGOT, was selected as significant in the stepwise regression with the fitted variable age squared showing significance at the 5 % level. For purposes of the test of heterogeneity, a final 'common' model was built by including all variables selected in the stepwise regression in either race and the original fitted variables. The multiple correlation coefficient (R2) for the 'common' model was 0-650 in Japanese and 0711 in Caucasians indicating a high degree of discrimination between the diabetic and control groups. In both racial groups, diabetics exhibited significantly higher systolic blood pressure and higher frequency of a history of high blood pressure than controls. The apparent partial statistical independence of the two factors may be due to the recency of onset of the disease or individual differences in perception of disease history. Diastolic blood pressure was not selected in the stepwise model in either racial group, nor were any of the other remaining anthropometric variables. Of the variables related to family history of diabetes among different degrees of relatives, the presence of a diabetic sib was found to be the best discriminator. SGOT was significant in the stepwise selection in Caucasians but not in Japanese. This unexpected finding points to a possible racial difference in disease pattern.
It is of interest to note that the rigorous criterion of urine sugar elevation based on X17 has yielded no more critical information than a simple positive urine sugar test result (X16) in discrimination between diabetics and controls in either race. In both Japanese and Caucasian groups, glucose elevation based on the level of 190 mg% (2-5 standard deviations above the mean) appeared to give best discrimination between diabetics and controls among the blood glucose variables. It should also be noted that both urine sugar and blood glucose elevation based on 190 mg% maintain a degree of independence in their contribution to the discrimination.
The result of the heterogeneity test of the nine coefficients of the discriminant function is presented in Table V . According to the result the discriminant functions for the Japanese and Caucasian groups are significantly heterogeneous. Some differences between the final models of the discriminant functions may also be noted in the different relative orders of the standardized regression coefficients in Japanese and Caucasian groups, presented in Table VI . Age (squared) exhibited the highest coefficient in the Japanese model, followed by glucose over 190 mg%. The order of prominence of these two variables is reversed, however, in the Caucasian group. The presence of a diabetic sib, in the Japanese model, ranked fourth in importance, while in Caucasians it ranked eighth out of the nine variables in the model. Thus, the variables in the final model seem to contribute differently to the discriminant equations in the Japanese and Caucasian groups. Table VII shows the mean blood glucose levels by age for both Japanese and Caucasian groups. The data include the total screened sample. As expected, the mean levels of blood glucose steadily increase with age in both groups, but the rate of increase appears to be greater in Japanese than in Caucasians. This may be an underlying factor in the observed racial differences in the relationship of age and blood glucose levels with diabetic risk. It is also of interest to observe that age effects are reflected in increases in both the mean and the variance of glucose. When variation is expressed as coefficient of variation (standard deviation/mean), it still shows a steady trend of increase with age in both groups, suggesting that an erratic pattern of glucose metabolism may be frequent with age.
Discussion
The findings of this investigation point to heterogeneity in diabetes disease pattern between Japanese and Caucasian groups living in Hawaii. This is in general evidenced by significant heterogeneity between the two racial groups in the coefficients of the discriminant function in the final 'common' models. Differences were also noted in the magnitude and ranking of the standardized regression coefficients between the groups. The following specific points of difference and similarity may be noted. None of the indices of obesity was discriminatory between diabetics and controls in either race over and above the variables mentioned, after adjustment for age and sex effects. However, this does not mean necessarily that obesity is not aetiologically related to diabetes. In Caucasians, where diabetics were significantly heavier than controls (Table III) , weight and weight/height were found to be correlated to existing blood glucose and urine sugar levels, indicating a possible indirect relationship to the subsequent development of diabetes. In Japanese, however, no such correlations were found. Japanese healthy controls and diabetics did not differ significantly in weight or height in this study. In Japan, however, obesity appears to be more frequent in adult-onset diabetics than in non-diabetics (Shigeta et al, 1971) .
In the final models in both racial groups, a significant role of systolic blood pressure is consistent with findings of hypertension as a diabetic complication in both Japanese and Caucasians (Bauer, 1967; Kuzuya and Kosaka, 1971) . Diastolic blood pressure, which was significantly higher in diabetics than controls (Table III) The excess of diabetics in sib and also parental generations in Japanese cases and controls as compared to those in Caucasians is consistent with observed higher risk of Japanese to diabetes. The age adjusted prevalence rates of Japanese and Caucasians for the Straub data were 35-7/1000 and 12-9/1000, respectively. This is consistent with adjusted prevalence rates found by Sloan (1963) . The information on the frequency of diabetic grandparents is probably not reliable, as many grandparents of adult Japanese would have been living in Japan.
Apart from the blood glucose and urine sugar variables of disease manifestation, the only other biochemical parameter found to make significant independent contribution to the discrimination was SGOT; this was significant in the stepwise selection in Caucasians but not in Japanese. However, it should be pointed out that both racial groups had significantly higher SGOT levels in the case groups when the differences were tested individually. Elevated SGOT levels have been associated with adverse effects of oral hypoglycaemic agents on the liver (Lilly Research Laboratories, 1967) .
The current investigation of factors associated with diabetes disease pattern is retrospective in nature and as such may be of limited value in clinical diagnosis. Among cases nearly all were previously known diabetics. Variables such as blood glucose and urine sugar levels in the cases studied, in most instances, would have been modified by treatment and do not accurately reflect the situation in previously undiagnosed cases. Among controls, healthy individuals rather than nondiabetics were selected. Due to peculiarities of data collection, the Caucasian non-diabetic group included a higher proportion of persons with medical problems and clinical symptoms than would be expected from a random sample of a non-diabetic population. Thus for purposes of consistency a healthy control was selected in each racial group. It is clear from the discriminant analysis that the factors associated with diabetes appear to have different relative importance in the cause of diabetes manifestation in the two racial groups. Though it is difficult to establish the precise interrelationships among factors, it does appear that the Japanese and Caucasians respond differently to age with respect to glucose metabolism. This would indicate the desirability of further investigations into possible genetic factors and differences in diet between the two groups as related to the observed differential age effects.
